ABSTRACT Seabirds are very sensitive to environmental changes and due to their large longevity, they are also sensitive to cumulative impacts. These birds usually occupy the higher trophic levels. White-chinned petrel (Procellaria aequinoctialis) and black-browed albatross (Thalassarche melanophris) are Procellariiformes, which is a seabird order, composed of 4 families. In the last years, researches are being done and actions are being taken to reduce the mortality of albatrosses and petrels caused by human activities. Due to the great ecological importance of these birds and the developed work with Procellariiformes, this study purpose was to quantify the Br, Cl, Cu, K, Mg, Mn, Na and V elements in white-chinned petrel and black-browed albatross feathers. Bird specimens were collected by the Albatross Project with permission of collection given by ICMBio (SISBIO 19560-1) . The specimens were killed accidentally by pelagic longline fisheries operating off southern Brazil. Feathers were cleaned with acetone and then milled in a cryogenic mill. Instrumental Neutron Activation Analysis (INAA) was used for quantification of the element concentrations and measurements of induced activities were performed in a High Purity Germanium (HPGe) detector for gamma ray spectrometry. The obtained results on feathers showed that concentrations in these birds are not higher than others studies with the same species and, with exception of Br, there are no significant differences between elements mean concentrations in the two seabirds.
INTRODUCTION
Physical, chemical and biological variations are intrinsic characteristics of the ecosystems, so their conservation and management depend essentially on the correct interpretation of such modifications and their effects on the fauna and flora. Even though obtaining of physicochemical data is indispensable for the evaluation of the changes in a given environment, biological parameters can provide more insightful information about the true effect of environmental fluctuations on living organisms [1] . Ecological studies with biological indicators are prominent in environmental monitoring research. Moreover, considering the global scene of economic development, these studies are becoming increasingly necessary.
Nowadays seabirds are one of the most threatened vertebrate groups due to the impact on the ocean caused by human actions. They are sensitive to changes in the environment and this is one of the main reasons they are commonly used to monitor ocean pollution [2] . Seabirds occupy higher trophic levels, this also allows the integration of information on variations that occur at the base of the trophic chain. Besides, they are sensitive to cumulative impacts because of their large longevity [3] .
Procellariiformes is a seabird order, composed of 4 families, and several countries with important breeding and feeding areas have shown interest in the conservation of these birds in the last decades and have invested in research and actions that reduce the mortality of albatrosses and petrels caused by human actions.
One of these initiatives was the creation of the Agreement on the Conservation of Albatrosses and Petrels (ACAP), which Brazil has been a signatory since 2001. ACAP is an international agreement that includes countries that are legally obliged to take long-term actions to ensure the conservation of various species of albatrosses and petrels [4] . Thus, Brazilian researchers, with government support, have developed a National Plan for the Conservation of Albatrosses and Petrels (Planacap), which aims to characterize threats to this group of birds and prioritize actions for these species conservation. Among the actions suggested for conservation are the continuous monitoring of populations, permanent research in the main reproductive colonies and the study of dispersion and migration of the species [5] .
White-chinned petrel (Procellaria aequinoctialis) and black-browed albatross (Thalassarche melanophris) are two species that belong to Procellariiformes order. According to the red list of International Union for Conservation of Nature (IUCN), which is globally known as the most comprehensive way to assess the conservation status of animal and plant species [6] , black-browed albatrossis classified like Near Threatened, because there are no estimates that their populations are declining. However, there is a certain degree of concern about this species, since a large number of individuals are killed in longline and trawl fisheries in the South Atlantic and in southern Africa. In White-chinned petrel is one of the most abundant seabird species in the Southern Ocean. However, due to rapid population declines, it is classified as vulnerable in the IUCN red list. It is believed that the chicks predation and the degradation of breeding habitat contribute to it, furthermore, very high White-chinned petrels are distributed in the sub-Antarctic region, but range widely at the sea [10;
18]. They are more active during the night and can dive approximately 15 m, and their diet is very similar with to the one of black-browed albatross, being composed of fish, cephalopods and crustaceans too [11, 19; 20] .
As seabirds are generally top predators with a long life and prolonged breeding cycles, they tend to accumulate pollutants, furthermore, due to the great importance of these birds and the developed work with Procellariiformes, the main aim of this study was to propose the quantification of the elements: Br, Cl, Cu, K, Mg, Mn, Na and V in White-chinned Petrel (Procellaria aequinoctialis) and Black-browed Albatross (Thalassarche melanophris) feathers.
MATERIALS AND METHODS

Sampling
The seabird samples used in this study were obtained in partnership with the Albatross Project. The Albatross Project collected the samples with the permission of the Chico Mendes Institute for the Conservation of the Biodiversity (ICMBio) (SISBio 19560-1 license) and provided them for the study "Organochlorine contaminants in albatrosses and petrels during migration in South Atlantic
Ocean" [21] and a part of these samples was assigned to this study. These specimens were killed accidentally by pelagic longline fisheries in southern Brazil, between latitudes of 27ºS and 34ºS and longitudes of 47ºW to 52ºW ( Figure 1 ). Source: COLABUONO, 2011 [21] .
2.2.Determination of elements by INAA
In this study the elements Br, Cl, Cu, K, Mg, Mn, Na and V were quantified in white-chinned petrel and black-browed albatross feathers by Instrumental Neutron Activation Analyses (INAA). Before the analyses, feathers were cleaned with acetone and then milled in a cryogenic mill (6770 Freezer/Mill, Spex Sample Prep). For INAA, aliquots of 100 mg of samples were irradiated for 30 s at a pneumatic system of the IEA-R1 research reactor along with standards of the elements of interest. To control the quantification technique use'd, aliquots of 100mg of certified reference material (CRM) were irradiated. The CRM used in this study was mussel tissue, which was made in Research Reactor Center/ IPEN. Measurements of gamma radiation were performed using a Camberra HPGe detector and the spectra were collected and processed by Camberra Genie 2000 program. Table 1 presents the nuclear data of the radionuclides quantified in this study. The concentrations of the elements were calculated using a spreadsheet (Microsoft Excel). Table 2 presents the certified [24] and obtained values to the elements of interest of this study in mussel tissue CRM, this material was used to control the quantification technique. Obtained values to Br, Cl, Cu, K, Mg, Mn, Na and V were similar to certified. In Table 3 are shown the results of the concentration of the elements obtained by INAA in the two seabird species: white-chinned petrel and black-browed albatross. The mean result, standard deviation, maximum and minimum values and the number of samples, n, in which the elements were quantified are presented. Figure 2 presents the Box Plots of these quantified elements in the feathers of these two seabird species. Some elements, such as Cu, K, Na, Fe, are found in the biological system of organisms because these elements are essential for metabolic activities. However, there are others elements that have no function in the organism, as for example Cd, Pb and Hg [25; 26; 27] . But even the elements that have metabolic function, if they are in quantities greater than necessary may end up accumulating and become harmful [28; 29] .
RESULTS AND DISCUSSION
Quantified elements in seabird species
In seabirds there is a gland, called salt gland that is responsible for eliminating excess salt in bird organisms, once they ingest salt water [30] , but Na is the main electrolyte osmotically active of plasma and urine of the birds [31] and adequate concentrations of Na and K are required for the sodium-potassium pump operation, which is involved in the natural process of muscle contraction, including the heart muscle [32] . However, at high concentrations, Na + ions accumulate and may cause a higher water retention leading to an increase in extracellular and blood fluid, as a result there is an increase of heart work [31] . High concentrations of K in birds can cause muscle weakness, paralysis and heart problems [31] .
There is no legislation on maximum concentrations of elements in wild animals to avoid damage, but the concentrations of this study can be compared with other studies already performed, as shown in Table 4 . However, no studies were found that show the Br, Cl, K, Mg and Na concentrations in white-chinned petrels and black-browed albatrosses, but it was found one study that quantified Br and Na by INAA in others species of bird. Comparing this study with the others present in Table 4 , it is possible to notice that the quantified concentrations of Cu and Mn are lower than those found in other studies for both seabird species.
However, it is also possible to note that V concentrations found for both, white-chinned petrel and black-browed albatross, are similar between this study and the study made by Anderson (2010) [34] .
After the descriptive statistics, a t-Student test was performed to compare the mean concentrations of the elements in the feathers of the two species of seabirds. The t-Student test is performed to investigate whether or not there are differences as means of two groups, therefore, in this study, it was used to determine if the mean concentrations of the elements quantified in white-chinned petrel are equal to or different from the mean concentrations found in black-browed albatross. Table 5 presents the t value, t critical value and p value for each of the elements quantified in this study. Table 5 : T-Student test for comparison of elements quantified mean sod white-chinned petrels and black-browed albatrosses. With the results of t-Student test is possible observe that for most of the quantified elements (Cl, Cu, K, Mg, Mn, Na, V) there were no differences between the average concentrations found in white-chinned petrels and black-browed albatrosses. The only one element that shows significant difference (p<0.05) between the species was Br. Bromine is a naturally occurring element, it can occur in different forms in seawaters and earth's crust, it has a brownish-red color with a bleachlike odor, bromine can cause skin, mucous membranes, and tissues irritation [37] . Br is present in some organic compounds, like 1,2-dibromo-4-(1,2-dibromoethyl) cyclohexane, hexabromocyclododecane, tetrabromobisphenol A, these compounds are brominated flame retardant which have been used in a lot of consumers products, like plastics and foam [38; 39] . The use of these compounds is increasing and some studies have shown that they are able of causing damage to wildlife, in birds they can cause, for example, reproductive changes and affects the thyroid and sex steroid axes [38; 39] .
t-value t-critical value p-value
Cl, Cu, K, Mg, Mn, Na, V are essentials elements for metabolic activities, similar concentrations for most elements may be due to dietary food, which is very similar in both seabirds, the two species feed mainly of fish, crustaceans, cephalopods, besides fishery discards [7; 11; 16, 17; 19; 20 ].
CONCLUSION
The objectives proposed by the study were fulfilled and the elements (Cl, Cu, K, Mg, Mn, Na and V) were quantified in white-chinned petrel and black-browed albatross feathers. This study has a great importance, because major efforts are made to protect Procellariiformes, therefore the study can contribute to a database formation, since there is not much information about the concentrations of some elements in the literature. Suggestions for future studies would be the quantification of these elements in other tissues and other elements in feathers and tissues, for a greater understanding, monitoring and conservation of the species. 
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